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PREFACE

Drinking Water Public Health Goals

Pesticide and Environmental Toxicology Section

Office of Environmental Health Hazard Assessment

California Environmental Protection Agency

This Public Health Goal (PHG) technical support document provides information on health effects
from contaminants in drinking water.  PHGs are developed for chemical contaminants based on
the best available toxicological data in the scientific literature.  These documents and the analyses
contained in them provide estimates of the levels of contaminants in drinking water that would
pose no significant health risk to individuals consuming the water on a daily basis over a lifetime.

The California Safe Drinking Water Act of 1996 (amended Health and Safety Code, Section
116365) requires the Office of Environmental Health Hazard Assessment (OEHHA) to perform
risk assessments and adopt PHGs for contaminants in drinking water based exclusively on public
health considerations.  The Act requires that PHGs be set in accordance with the following
criteria:

1. PHGs for acutely toxic substances shall be set at levels at which no known or anticipated
adverse effects on health will occur, with an adequate margin of safety.

2. PHGs for carcinogens or other substances which can cause chronic disease shall be
based solely on health effects without regard to cost impacts and shall be set at levels
which OEHHA has determined do not pose any significant risk to health.

3. To the extent the information is available, OEHHA shall consider possible synergistic
effects resulting from exposure to two or more contaminants.

4. OEHHA shall consider the existence of groups in the population that are more susceptible
to adverse effects of the contaminants than a normal healthy adult.

5. OEHHA shall consider the contaminant exposure and body burden levels that alter
physiological function or structure in a manner that may significantly increase the risk of
illness.

6. In cases of insufficient data to determine a level of no anticipated risk, OEHHA shall set
the PHG at a level that is protective of public health with an adequate margin of safety.

7. In cases where scientific evidence demonstrates that a safe dose-response threshold for a
contaminant exists, then the PHG should be set at that threshold.

8. The PHG may be set at zero if necessary to satisfy the requirements listed above.

9. OEHHA shall consider exposure to contaminants in media other than drinking water,
including food and air and the resulting body burden.

10. PHGs adopted by OEHHA shall be reviewed every five years and revised as necessary
based on the availability of new scientific data.
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PHGs adopted by OEHHA are for use by the California Department of Health Services (DHS) in
establishing primary drinking water standards (State Maximum Contaminant Levels, or MCLs).
Whereas PHGs are to be based solely on scientific and public health considerations without regard
to economic cost considerations, drinking water standards adopted by DHS are to consider
economic factors and technical feasibility.  Each standard adopted shall be set at a level that is as
close as feasible to the corresponding PHG, placing emphasis on the protection of public health.
PHGs established by OEHHA are not regulatory in nature and represent only non-mandatory
goals.  By federal law, MCLs established by DHS must be at least as stringent as the federal
MCL if one exists.

PHG documents are used to provide technical assistance to DHS, and they are also informative
reference materials for federal, state and local public health officials and the public.  While the
PHGs are calculated for single chemicals only, they may, if the information is available, address
hazards associated with the interactions of contaminants in mixtures.  Further, PHGs are derived
for drinking water only and are not to be utilized as target levels for the contamination of other
environmental media.

Additional information on PHGs can be obtained at the OEHHA web site at www.oehha.ca.gov.
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PUBLIC HEALTH GOAL FOR METHOXYCHLOR IN
DRINKING WATER

SUMMARY

A Public Health Goal (PHG) of 0.03 mg/L (30 ppb) has been developed for the pesticide
methoxychlor in drinking water.  The existing California Maximum Contaminant Level (MCL) is
0.04 mg/L (40 ppb).  Methoxychlor has low acute toxicity to mammals.  Its pesticidal mechanism
of action is apparently identical to that of DDT, and, like DDT and DDE, methoxychlor has weak
estrogenic activity.  Estrogenic effects of methoxychlor are mediated through its demethylated
metabolites.  The methoxychlor PHG is based on the lowest-observed-adverse-effect level of 5
mg/kg-day for effects on the reproductive system in female rats exposed during the perinatal
period, and a combined uncertainty factor of 1000.  The effects at 5 mg/kg-day included delayed
vaginal opening, decreased ovary weight, lower FSH levels during estrus, and decreased weight of
the pregnant uterus.  These data are supported by similar LOAELs and NOAELs in other
reproductive and developmental studies, chronic animal studies, and by a single subacute study in
adult human males and females.  Although several related organochlorinated pesticides are
classed as carcinogens, cancer bioassays of methoxychlor have been negative.  In vivo
metabolism of methoxychlor is relatively rapid, so it does not bioaccumulate as do many other
halogenated hydrocarbon pesticides.  It is also only moderately persistent in the environment, and
is rarely found in air, soil, or water except near sites of production or disposal.  Suspension of
pesticidal usage of methoxychlor in California in 1995 means that exposures from environmental
media in California should be decreasing, although it is still found in food grown in other states or
countries.  Sensitive populations and sensitive developmental periods, and exposure to other
chemicals with estrogenic activity have been considered in calculating the health protective
concentration for methoxychlor in drinking water.

INTRODUCTION

The purpose of this document is to describe the development of a PHG for the insecticide
methoxychlor (Marlate) in drinking water.  This DDT analog was very heavily used after
cancellation of DDT in the 1970s, although usage has declined more recently.  In the early ‘90s
about 300 to 500 thousand pounds of methoxychlor was used per year in the US (ATSDR, 1994).
Compared to DDT, methoxychlor is rapidly metabolized both in the environment and in living
organisms, so it does not produce the long-lasting toxicity and bioaccumulation, which led to the
cancellation of DDT.  However, use of methoxychlor was suspended in California in late 1995
due to deficiencies in its toxicity study database.1  Methoxychlor use in California appears to have
decreased greatly before its suspension, with only 1188 pounds of active ingredient reported used
in agriculture in 1995 (DPR, 1996a).

                                                
1 Ortho Home Orchard Spray remains listed as active in the online pesticide database maintained by the
California Department of Pesticide Registration (DPR).  This status was maintained to allow leftover
materials to be used up, according to DPR.  Methoxychlor is no longer being sold.
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The potential for detectable concentrations of methoxychlor in California drinking water has
undoubtedly decreased greatly since its suspension, although methoxychlor is still available in other
regions of the country.  It is or has been used against insects on fruit and shade trees, vegetables,
dairy and beef cattle, in home gardens, commercial greenhouses, and landscape maintenance, for
food storage and seed pretreatment, and in public health insect control.  It has often been
formulated with other pesticide products.

A Maximum Contaminant Level (MCL) of 40 ppb (0.04 mg/L) was established by the California
Department of Health Services (DHS) (CCR Title 22, Section 64444) in 1977.  This level is
identical to the federal MCL of 0.04 mg/L for methoxychlor (U.S. EPA, 1991).  Methoxychlor is
not listed under California’s Safe Drinking Water and Toxic Enforcement Act of 1986
(Proposition 65) as a chemical known to the state to cause cancer or reproductive toxicity.  U.S.
EPA has judged methoxychlor not classifiable as to its carcinogenic potential (U.S. EPA 1998).

In this document, available data on the toxicity of methoxychlor are evaluated, particularly in the
context of recent perspectives on environmental estrogens.  The U.S. EPA’s reproductive toxicity
risk assessment guidelines (U.S. EPA, 1996) were also considered.  To determine a public health-
protective level of methoxychlor in drinking water, relevant studies were identified, reviewed and
evaluated, and sensitive developmental periods and human subpopulations were considered.

CHEMICAL PROFILE

Chemical Identity

Methoxychlor, 2,2-bis(p-methoxyphenyl)-1,1,1-trichloroethane, is a bicyclic aromatic chemical
related to DDT.  The structure is shown in Figure 1 below.

             

Cl
Cl

Cl

CH3O OCH3

Figure 1.  Chemical structure of methoxychlor

In the synthesis of this chemical, many impurities are produced.  Earlier versions were only about
50% pure; more recently, the technical grade has been improved to about 88-90% purity
(ATSDR, 1994).  Some of the congeners may have greater toxicity and environmental persistence
than methoxychlor.
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Physical and Chemical Properties

Important physical and chemical properties of methoxychlor are given in Table 1.  Like other
halogenated aromatics, methoxychlor is lipophilic, only slightly soluble in water and is poorly
volatile.  It binds rather tightly to soil.  The slow volatilization and distribution around the globe that
has been documented for other halogenated hydrocarbons (Wania and Mackay, 1996) is less of a
problem for methoxychlor because of its short environmental half-life (see Environmental
Occurrence and Human Exposure).

Table 1.  Physical and Chemical Properties of Methoxychlor

    Property     Value (ATSDR, 1994)

Molecular weight 345.65

Color Pale yellow

Physical state Crystalline solid

Odor Slightly fruity or musty

Odor threshold No data

Melting point 89oC (pure), 77oC (technical grade)

Boiling point Decomposes

Solubility

Water

Organic solvents

0.045 mg/L

Soluble in aromatics, ketones, aliphatics, alcohols

Density 1.41 g/cm3

Partition coefficients

Log Kow

Log Koc

4.7-5.1

4.9

Vapor pressure (25oC) 1.4 x 10-6 mm Hg (est.)

Henry’s law constant 1.6 x 10-5 atm-m3/mol (est.)

Conversion factors 1 ppm  =  14.14 mg/m3

Production and Uses

This organohalogenated pesticide has been heavily used since the cancellation of DDT in the
1970s, with peak U.S. production in the late ‘70s to early ‘80s of over 5 million pounds.  Recent
usage has decreased; it was estimated to be about 500,000 to 900,000 pounds in 1986, and about
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300,000 to 400,000 pounds per year in 1990 to 1991 (ATSDR, 1994).  Suspension of methoxychlor
in California (December 26, 1995) has presumably contributed to the overall decline in production
and use.  However, use of methoxychlor in California appears to have tapered off before its
suspension, because the annual pesticide use report published by the California Department of
Pesticide Regulation (DPR) shows only 1188 pounds of active ingredient used in 1995, the last
year for which information is available (DPR, 1996a).

The potential for detectable concentrations of methoxychlor in California drinking water has
undoubtedly decreased greatly since its uses were suspended, although methoxychlor is still
available in other regions of the country.  Methoxychlor has been registered by the U.S. EPA,
either alone or in combination with other pesticides, for use against houseflies, mosquitoes,
cockroaches, chiggers, various arthropods found on field crops, and insect pests in stored grain or
seed for planting.  It has been registered for use on more than 85 crops, including fruits,
vegetables, soybeans, nuts, and alfalfa.  It is also approved for use on forests, ornamental plants,
and for insect control around houses, barns, and other agricultural premises (ATSDR, 1994).  It
has often been formulated with other pesticide products, such as captan, diazinon, and malathion.
It has been available in many forms, including technical-grade concentrate, wettable powders,
dusts, granules, emulsifiable concentrates, and pressurized sprays for home use.

ENVIRONMENTAL OCCURRENCE AND HUMAN EXPOSURE

Air

Most of the introduction of methoxychlor to air would occur during and after its use as a pesticide.
Because it has a low vapor pressure and binds well to soil, air concentrations would be expected
to be quite low except in the immediate area of a spray application.  The photo-oxidation half-life
of methoxychlor in air is not known, but has been estimated at 1-11 hours (Howard, 1991).  Some
long-distance transport of methoxychlor in air, perhaps bound to fine particles, is indicated by the
detection of methoxychlor in arctic snow (Welch et al., 1991).  However, its lower stability
compared to other organochlorinated pesticides makes it less likely to become a global problem.

A survey of pesticide levels in air in two U.S. cities found mean levels of methoxychlor of 0 to 100
picogram/m3 in outdoor air and 200 to 300 pg/m3 in indoor air (U.S. EPA, 1990a).  In a Canadian
study, the yearly mean level of methoxychlor in air was reported to be 1.7 pg/m3.  Levels were
higher during insect control periods (up to 27 pg/m3) and generally below the detection limit (about
0.1 pg/m3) during non-use time periods (Hoff et al., 1992).  Levels of methoxychlor in California
air would thus be expected to be extremely low.

Soil

Methoxychlor is degradable in soil to less hydrophobic compounds, both under aerobic and
anaerobic conditions.  Anaerobic biodegradation half-life was reported to be less than 30 days,
while aerobic biodegradation half-life was greater than 100 days (Muir and Yarechewski, 1984).
Residues were detectable in soil at least 18 months after soil treatment (Golovleva et al., 1984).
The major environmental degradation pathways involved dechlorination and demethylation.  The
extent to which the degradation products may accumulate in soil is not clear, although some
bacterial strains can extensively metabolize the pesticide.  It should be noted that the
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demethylated products have estrogenic activity (Cummins, 1997).  Intact methoxychlor binds
tightly to soil, and will be found in the top few inches after agricultural applications.  The
metabolites, being more polar, can migrate in soil (Golovleva et al., 1984).  Migration of
methoxychlor bound to sediment particles is also possible.

Water

Methoxychlor has been occasionally detected in surface waters at low levels, ranging from 0.032
to 15 ng/L (ATSDR, 1994).  It was not found, however, in domestic or municipal drinking water
supplies in several surveys in various regions of the country (U.S. EPA, 1990a,b).  Methoxychlor
has been found in surface waters near points of application for pest control, and in groundwater
near waste disposal sites (ATSDR, 1994).  Methoxychlor in surface waters would be distributed
mostly in the sediment fraction due to its low water solubility and tight binding to lipophilic sites on
soil particles.  Overall, water would be expected to be a minor source of exposure to
methoxychlor for California residents.

Food

Residues of methoxychlor have been found in a small proportion of food samples of various types,
including vegetables, fruits, and grains.  Bioconcentration can occur, dependent on the rate of
metabolism of methoxychlor.  Bioconcentration factors of about 100 to 8000 have been reported in
several fish species.  Occasional samples of fish from the Great Lakes had detectable
methoxychlor, with some tissue levels as high as 100 ppb (ATSDR, 1994).  In the U.S. FDA’s
Total Diet Study in 1995, methoxychlor was detected at low levels in less than 3% of the samples
(which was below the cutoff point for specific discussion of incidence and levels) (U.S. FDA,
1996).  Methoxychlor was not reported present in produce sampled in the 1994 California
pesticide monitoring program (DPR, 1996b).  Methoxychlor can be excreted in a biologically
active form in milk, which could be relevant for infants and children (Ivey et al., 1983; Appel and
Eroschenko, 1992; Chapin et al., 1997).  Average daily intake values for methoxychlor in food
were calculated as 0.001 to 0.006 µg/kg-day by Gunderson (1988) based on the FDA’s monitoring
for the total diet study in 1982-1984.  Infants’ daily dietary intake was estimated to average 0.019
µg/kg-day from the FDA’s 1980-1982 data.  Current exposures are expected to be lower, based
on the substantial decrease in agricultural usage and its moderate environmental persistence.
However, it is reasonable to conclude that foods, including fish, would be the major methoxychlor
exposure source for California residents.

Other Sources

There should be no significant occupational exposures to methoxychlor in California, since the
pesticide has been suspended from use.  Similarly, exposures during home use in gardens and
orchards, as well as for flea and insect control, should be decreasing as home supplies are used
up.  The major exposure source for California residents should now be methoxychlor in food, from
commodities grown out of state.
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METABOLISM AND PHARMACOKINETICS

Absorption

Oral absorption of methoxychlor is apparently quite efficient, although no specific estimates are
available for humans.  Oral absorption in mice has been estimated to exceed 90% (ATSDR,
1994).  For this assessment, oral absorption is assumed to be equivalent in humans and
experimental animals.  Dermal absorption of methoxychlor deposited directly on skin would be
expected to be low and slow.  Limited studies in goats and cows have demonstrated a low degree
of systemic absorption after dermal applications (Skaare et al., 1982; Davison et al., 1983; Ivey et
al., 1983).  Absorption should be similar to DDT, for which dermal penetration has been measured
as 9 to 30% in rhesus monkeys after the pesticide was applied in acetone (Wester et al., 1990).
Data on inhalation absorption of methoxychlor are not available.  We assume that pulmonary
absorption of methoxychlor would be essentially complete, i.e., equivalent to the inspired volume
minus dead space, or about 70% in humans.

Distribution

Methoxychlor is distributed throughout the body, and because of its lipophilicity is taken up very
well into fat.  Having a log Kow of 4.7 to 5.1, at equilibrium it would be about 100,000 times higher
concentration in a lipid phase than in a contiguous aqueous phase.  In actual tissues the partitioning
is not this extreme because of lipids in blood and water in fatty tissues.  With repeated daily
administration, fat and liver levels reach an equilibrium, then appear to decrease, possibly because
of induction of metabolism.  Residual levels decline rapidly after feeding stops, so that
methoxychlor levels approach the detection limit within a few days (ATSDR, 1994).
Methoxychlor crosses the blood-brain barrier and the placenta, and also partitions into the lipids of
milk (Ivey et al., 1983; Swartz and Corkern, 1992; Appel and Eroschenko, 1992; Cummings, 1997;
U.S. EPA, 1998).  The metabolites are secreted into the bile.  The extent of enterohepatic
circulation is unknown, but the metabolites are mainly excreted in the feces.

Metabolism

Methoxychlor is metabolized by cytochrome P450 isozymes in liver in both rodents and humans, to
produce mono- and bis-hydroxy O-demethylated (phenolic) metabolites (Li et al., 1995; Dehal and
Kupfer, 1994; Kupfer et al., 1990).  This is a NADPH-requiring, phenobarbital-inducible reaction.
Dehydrochlorination occurs concurrently, so that a mixture of demethylated, dehydrochlorinated
products is formed.  These major mammalian metabolic pathways are summarized in Figure 2.
Subsequent metabolic reactions may include ring hydroxylation in the meta positions, complete
dechlorination, and various conjugation reactions to form more hydrophilic products.  The
metabolic products are secreted in the bile, presumably in the form of conjugates, and are
ultimately excreted in feces.
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The actual mixture of reaction products found in vivo (and its net estrogenic activity) is
complicated by the presence of several different impurities in the technical-grade methoxychlor
(Kupfer and Bulger, 1987).
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Because the liver O-demethylation reactions are relatively rapid, methoxychlor does not
accumulate in the body like its analog, DDT (p,p’-dichlorodiphenyltrichloroethane).  The more
water-soluble phenolic metabolites of methoxychlor are readily metabolized further and excreted.
In addition, the inducibility of the cytochrome P450 metabolizing enzymes at higher doses of
methoxychlor should be considered.  With induction of metabolism, any chronic toxic effects due
to the intact chemical should be lessened, while estrogenic effects, which are largely due to the
phenolic metabolites, could be enhanced.

Cl
Cl

Cl

CH30 OCH3

OH

Cl
Cl

Cl

HO

OCH3CH3O

ClCl

ClCl

HO OH

Figure 2.  Major in vivo metabolic pathways for methoxychlor.

Excretion

Methoxychlor was about 90% excreted into the feces in the form of metabolites in mice; the other
10% was excreted in the urine (Kapoor et al., 1970).  In a lactating female, however, a fraction of
the total intake is secreted into milk in the form of both intact methoxychlor and phenolic
metabolites.  For highly lipophilic chemicals with very long half-lives, incorporation into milk can
represent a significant excretion pathway, and a correspondingly high exposure pathway for
babies drinking the milk.  This has much less significance for methoxychlor because it is rapidly
lost from the body by other pathways.   
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TOXICOLOGY

Toxicological Effects in Animals

Acute Toxicity

High doses of methoxychlor cause tremors, convulsions, and other signs of neurological
stimulation.  These acute effects are similar to DDT and the Type 1 pyrethroids.  Acute oral
LD50s are generally greater than 3000 mg/kg in mammals and 2000 mg/kg in birds for technical-
grade methoxychlor.  More purified preparations tend to be less toxic, with rat LD50s greater than
5 g/kg (Cummings, 1997).  However, fish and aquatic invertebrates are quite sensitive to
methoxychlor.  The 96-hr LC50s for fresh and salt-water fish range from about 0.006 to 0.1 ppm,
while the LC50s for various aquatic invertebrates are as low as 0.001 ppm (Sax, 1987; U.S. EPA,
1988).

No acute toxic effects are reported on the reproductive system in mammals, which is the critical
site for subchronic and chronic effects.

Subchronic Toxicity

With repeated dosing, reproductive effects become apparent in both males and females.  These
appear to be mediated largely by the phenolic metabolites of methoxychlor, which bind much more
efficiently to estrogen receptors than does the intact chemical (Cummings, 1997).  These effects
are discussed below.  However, it is not clear whether all the subchronic effects of methoxychlor
are mediated through direct actions on reproductive organs.  Effects on the hypothalamic-pituitary
axis of male rats have also been noted at low doses (25 and 50 mg/kg-day for 56 days), which
may be a direct effect rather than mediated through a testicular feedback loop (Goldman et al.,
1986).  Methoxychlor may also alter some hormonal systems through alteration of liver
metabolism, such as metabolism of thyroid hormones, although it does not appear to be a strong
liver enzyme inducer (Zhou et al., 1995).

Genetic Toxicity

Methoxychlor has been found to be negative in several Ames assay mutagenicity tests (Simmon,
1979; Probst et al., 1981; Waters et al., 1982) with and without metabolic activation.  Unscheduled
DNA synthesis assays in rat hepatocytes and human fibroblasts were also negative, as was the
Drosophila sex-linked recessive lethal assay (Simmon, 1979; Probst et al., 1981; Waters et al.,
1982).  Negative results have been reported in a transformation assay in rat embryo cells (Dunkel
et al., 1981; Traul et al., 1981), in Syrian hamster embryos (Dunkel et al., 1981), and in Chinese
hamster ovary cells (Oberly et al., 1993).  A positive result has, however, recently been reported
for the induction of forward mutations in the mouse lymphoma assay (Oberly et al., 1993).  In
addition, positive results have been reported in the mouse lymphoma cell mutagenesis assay
(Mitchell et al., 1988; Myhr and Caspary, 1988).
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Formation of protein adducts has been reported in methoxychlor metabolism studies in rat liver.
These covalently bound liver microsomal protein adducts appear to be formed in the cytochrome
P450-mediated metabolism of methoxychlor, although the mechanism and significance is not
entirely clear (Bulger et al., 1983; Bulger and Kupfer, 1990).  Formation of DNA adducts has not
been reported.  Methoxychlor does not induce DNA breaks in human or rat testicular cells in an in
vitro DNA-damage assay (Bjorge et al., 1996).

Developmental and Reproductive Toxicity

Reproductive effects of methoxychlor have been extensively studied in animals.  The reproductive
system is a sensitive target of methoxychlor toxicity in both males and females.  Effects include
histopathological changes in the reproductive organs and accessory glands, disrupted sexual
maturation and reproductive function, altered hormone levels, and changes in a wide variety of
endocrine-related parameters, such as sexual behaviors.  These effects are caused by the
estrogenic activity of both the O-demethylated metabolites of methoxychlor and some of the O-
demethylated contaminants of technical grade methoxychlor; intact methoxychlor has little affinity
for the estrogen receptors (Bulger et al., 1985; Cummings, 1997).  Methoxychlor is not listed as a
reproductive toxicant under California’s Proposition 65.  Information regarding the reproductive
effects of methoxychlor in male and female animals is presented separately below.  Some
additional perspective on developmental or reproductive effects after long-term exposures is
provided in the chronic toxicity section.

Reproductive Effects in Female Animals

Methoxychlor affects development of the female reproductive system.  The most sensitive effects
have been observed with perinatal treatments.  This is presumably a time of high sensitivity
because of the rapid development of the reproductive system during this period.

Chapin et al. (1997) gavaged Tac:N(SD)fBR rats with 95% methoxychlor in corn oil from
gestational day 7 to postnatal day 7 at doses of 0, 5, 50, or 150 mg/kg-day.  The pups were then
individually dosed by gavage from postnatal day 7 to day 42.  One set of offspring was allowed to
mate at 12 weeks of age and the females were killed for examination at gestational day 18.
Extensive gross, histopathological, chemical, and behavioral measurements were made on both
male and female treated offspring.  Adverse effects were seen on multiple reproductive system
parameters in both sexes.  The most significant low-dose effects were seen in females, including
LOAELs for delayed vaginal opening and decreased ovary weight at postnatal day 46 of 5 mg/kg,
the lowest dose tested.  Decreased weight of the empty uterus at day 18 of pregnancy and
lowered FSH levels during estrus were also observed in adult female rats after the perinatal
treatments with methoxychlor at 5 mg/kg-day and higher.  These effects are tabulated in Table 2.
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Table 2.  The critical sensitive effects of methoxychlor in female rats (Chapin et al.,
1997)

               EFFECT
DOSE,

mg/kg-d

  Control          5      50     150

Age at vaginal opening
(days ±SE)

37.4±0.6 35.2±0.5* 30.8±0.2* 33.4±0.3*

Decreased ovary weight at
postnatal day 46 (g ±SE, %
of control)

0.065±0.004

    (100%)

0.047±0.003*

    (72%)

0.030±0.043*

    (46%)

0.03±0.008*

    (46%)

Weight of empty uterus at
gestation day 18 (g ±SE, %
of control)

5.13±0.20

    (100%)

4.06±0.30*

    (79%)

2.51±0.60*

    (49%)

None
pregnant

Serum FSH levels during
estrus (log of ng/ml ±SE,
% of control)

0.79±0.03

    (100%)

0.57±0.05*

    (72%)

0.33±0.04*

    (42%)

NR

*p <0.05; NR = not reported

These results are also represented in graphs to help evaluate the dose response.  Age at vaginal
opening is biphasic, as shown in Figure 3, with the 5 mg/kg-day appearing to be close to a
threshold for a decrease in the age, and 50 mg/kg-day a possible maximum.

Figure 3.  Effect of methoxychlor on age at vaginal opening (Chapin et al., 1997)
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Figure 4 shows the effects of methoxychlor on ovary weight at postnatal day 46 after the perinatal
treatments to dam and offspring.  These data are plotted with dose on a logarithmic scale to show
the log-linear extrapolation of effect to low levels.  On this scale, the effect would appear to
extrapolate to a 10% decrease from control levels (a common level for benchmark extrapolation
methods) at about 1 mg/kg-day.  The zero effect level (0.065 g) would correspond to about 0.5
mg/kg.

Figure 4.  Effect of methoxychlor on ovary weight (Chapin et al., 1997).

Figure 5 shows the weights of the empty uteri on day 18 of pregnancy and the FSH levels during
estrus in adult female rats who were perinatally treated with methoxychlor.  These values are
plotted using a linear dose-response function.  It could be considered that the effects at 50 mg/kg-
day (the largest dose plotted) are near the maxima for these functions because estrous cycles
were interrupted at the next higher dose (150 mg/kg-day), and none of the females became
pregnant.  When plotted on a logarithmic dose scale, a straight-line extrapolation through 5 and 50
mg/kg-day passes through zero effect at 0.5 to 1 mg/kg-day.

Figure 5.  Weight of pregnant uterus and FSH levels during estrus (Chapin et al., 1997).
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The male rats showed less sensitivity to methoxychlor than the females.  Only one measured
parameter, the seminal vesicle weight, was significantly decreased at 5 mg/kg-day, and this did not
exhibit a dose-response function (no significant effect at 50 mg/kg).  Females receiving the
highest-dose perinatal treatment of 150 mg/kg-day failed to produce litters when mated as adults
(0/15), while at the 50 mg/kg-day dose, only 3/15 delivered live litters.

In summary, the Chapin et al. (1997) data appear to show a sensitive effect on reproductive
parameters with a LOAEL of 5 mg/kg-day, and an extrapolated NOAEL of about 0.5 to 1 mg/kg-
day.  For risk assessment, we will utilize the default uncertainty factor of 10 to estimate the
NOAEL from the LOAEL for this study, i.e., 0.5 mg/kg-day.

In another important study, the day of vaginal opening and first estrus was also observed to be
significantly earlier in female rats exposed to 25-100 mg/kg-day of methoxychlor beginning on
post-partum day 21 (Gray et al., 1989).  Estrous cyclicity started earlier in animals exposed to 25
mg/kg-day, at a normal age in animals exposed to 50-100 mg/kg-day, and was delayed in animals
dosed with 200 mg/kg-day.  The more sensitive of these results are summarized in Table 3.
Similarly, precocious vaginal opening and estrus were noted in female rats exposed in utero,
through their mother’s milk, and/or postweaning to 50-60 mg/kg-day (Harris et al., 1974; Gray et
al., 1989).

Table 3.  Selected reproductive effects of methoxychlor in female rats (Gray et al., 1989)

               EFFECT DOSE, mg/kg-
d

Control   25   50 100 200
Age at vaginal opening (days)   32   26*   25*  --  --

  34   --   --  26*  25*
  32   --   --  25*  25*

BW at vaginal opening (g)   97   64*   61*  --  --
116   --   --  70*  65*
113   --   --  71*  66*

Age at first cycle (days)   34   29*   36  --  --
  35   --   --  39  63*
  36   --   --  42  89*

* p < 0.01

Methoxychlor produces gross and histopathological changes in female reproductive tissues after
repeated oral treatments.  Lipid accumulation was observed in ovarian interstitial and thecal cells
of mice exposed to 200 mg/kg-day for four weeks (Martinez and Swartz, 1992).  A two to three-
fold increase in uterine weight was observed in ovariectomized mice exposed to 16.7 mg/kg-day
for three days (Tullner, 1961).  This technique is a relatively sensitive assay for estrogenicity; the
ability of a chemical to replace natural estrogens in a primed, estrogen-deficient animal is not,
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strictly speaking, an adverse effect.  Increased vaginal cornification was observed in female rats
exposed to 50-200 mg/kg-day for several days beginning on postpartum day 21 (Gray et al., 1989).
An enlarged uterus was observed in rats exposed to 150 mg/kg-day for six weeks (Harris et al.,
1974) and in pigs exposed to 1,000 mg/kg-day for 24 weeks (Tegeris et al., 1966).  Mammary
gland hyperplasia was also observed in the pigs.  Repeated doses of 50-400 mg/kg-day
methoxychlor produced atrophic changes in ovaries of mice and rats similar to those produced by
estrogens (Bal, 1984; Gray et al., 1988, 1989; Martinez and Swartz, 1991).

Methoxychlor effects on estrous cyclicity can adversely affect reproductive function and decrease
fertility.  Female rats exposed to 100 mg/kg-day methoxychlor beginning on post-partum day 21
showed a 40% decrease in fertility and live pups/litter when mated with untreated males, and an
80% decrease when mated with similarly treated males (Gray et al., 1989).  Higher doses of
methoxychlor (200 mg/kg-day) produced infertility in 100% of the animals; lack of implantation
sites indicated that the effect occurred prior to implantation.  Infertility was also observed in
female rats following intermediate-duration exposure to 100 mg/kg-day (Bal, 1984).  Decreased
fertility was observed in rats exposed to 50 mg/kg-day for three generations (Haskell
Laboratories, 1966; probably same study as du Pont, 1966).  No effects on fertility were noted at
10 mg/kg-day methoxychlor.  In female rats, a decreased mating frequency and a decreased
fertility in those that mated were noted following exposure to 60-150 mg/kg-day (Harris et al.,
1974).  Increased resorptions have been consistently reported in rats following acute and
intermediate-duration exposures to 35.5-200 mg/kg-day methoxychlor (Harris et al., 1974; Culik
and Kaplan, 1976; Kincaid Enterprises, 1986; Cummings and Gray, 1989; Gray et al., 1989;
Cummings and Perreault, 1990).  Acceleration of embryo transport into the uterus appears to be
one mechanism responsible for increases in preimplantation loss (Cummings and Perreault, 1990).

Changes in sex hormone levels are also observed after methoxychlor treatments.  Decreased
serum progesterone levels were observed in female rats at 50-100 mg/kg-day, but not at 25
mg/kg-day (Cummings and Gray, 1989; Cummings and Laskey, 1993).  Pituitary levels of prolactin
were decreased in intact female rats but increased in ovariectomized rats exposed to 400 mg/kg-
day (Gray et al., 1988).  Martinez and Swartz (1992) speculated that methoxychlor causes a
feedback inhibition of pituitary hormone secretions resulting in a lack of stimulation of ovarian cells
to produce their usual hormones, which sustain the function of uterus and other reproductive
tissues.

Reproductive Effects in Male Animals

Oral exposure to methoxychlor can produce gross and histopathological changes in the male
reproductive system.  Decreased testes weight was observed in male rats and mice exposed to
50-1,400 mg/kg-day (Wenda-Rozewicka, 1983; Bal, 1984; Gray et al., 1989; Chapin et al., 1997).
Several reproductive organs (testes, epididymis, seminal vesicles, and prostate) exhibited
significantly lower weights in male rats exposed through their dams to 50 or 150 mg/kg-day from
gestational day 14 to postnatal day 7, then gavaged directly with the same dose through day 46.
No effects were observed at the dose of 5 mg/kg-day.

Decreased prostate weight was observed in male rats exposed to 154 mg/kg-day for 90 days
(Shain et al., 1977), and a decreased caudal epididymal sperm count was observed in rats exposed
to 50-100 mg/kg-day starting at postnatal day 21 (Gray et al., 1989).  Estrogenic effects on testes
during critical developmental periods are considered as a potential cause of cancer (McLachlan et
al., 1998) or reproductive impairments (Toppari et al., 1996).
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Exposure to methoxychlor adversely affects reproductive development or function in male
animals.  Preputial separation was significantly delayed in male rats exposed to 50 or 150 mg/kg-
day through their dams from gestational day 14 through postnatal day 7, then directly gavaged
from postnatal day 7 through day 42 (Chapin et al., 1997), suggesting that sexual maturity may be
delayed.  Doses of 100 or 200 mg/kg-day beginning on postpartum day 21 (Gray et al., 1989)
similarly delayed preputial separation.  Fertility was decreased by 80% when males rats exposed
to 100 mg/kg-day were mated with similarly treated females, compared to only a 50% decrease
when untreated males were mated with treated females (Gray et al., 1989).  Decreased fertility
was also reported in male mice treated with 60 mg/kg-day of methoxychlor (Wenda-Rozewicka,
1983) and in male rats at 150 mg/kg-day in the studies of Chapin et al. (1997).  In addition, mating
frequency and fertility in male rats that mated were significantly reduced after exposure to
methoxychlor in utero, during lactation, and/or postweaning at 60 mg/kg-day (Harris et al., 1974).

Methoxychlor also produces changes in hormone levels in male animals.  Exposure to 25-50
mg/kg-day methoxychlor increased levels of prolactin, follicle stimulating hormone (FSH), and
thyroid stimulating hormone (TSH) in the pituitary of male rats (Goldman et al., 1986; Gray et al.,
1989).  Serum levels of TSH, testosterone, and progesterone were decreased in rats dosed with
100 mg/kg-day of methoxychlor (Cummings and Gray, 1989; Gray et al., 1989).  Similarly, reduced
levels of testosterone were reported in the interstitial fluid and epididymis of male rats exposed to
100 mg/kg-day (Gray et al., 1989).

Immunotoxicity

No specific information is available on immunotoxicity of methoxychlor.

Neurotoxicity

Large doses of methoxychlor, 2,500 mg/kg or more administered orally to rats, decreased
locomotor activity and caused tremors (Cannon Laboratories, 1976).  In dogs, 1,000-4,000 mg/kg-
day orally for 8-24 weeks produced dose-dependent apprehension, nervousness, increased
salivation, tremors, convulsions, and death (Tegeris et al., 1966).  Inhibiting metabolism of
methoxychlor appeared to increase the acute tremors, suggesting that this effect is due to the
intact chemical.  This is consistent with the observation that DDT, which is a close structural
analogue, but very slowly metabolized, produces similar neurological signs (ATSDR, 1994).  An
increased incidence of hunched posture and rough fur was reported in rats exposed to 22-69
mg/kg-day methoxychlor in feed for 78 weeks (NCI, 1978).  No changes in brain weight or
histopathology were noted in rats or mice chronically exposed to 69 and 454 mg/kg/day
methoxychlor, respectively (NCI, 1978).

Exposure to methoxychlor has also produced behavioral changes in animals consistent with its
estrogenic actions (Gray et al., 1988), such as increased wheel-running activity and receptivity to
mating.  These do not appear to represent neurotoxic effects.   
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Chronic Toxicity

Several chronic studies have been carried out on methoxychlor, although none of these meet
current U.S. EPA guidelines (Haag et al., 1950; Hodge et al., 1952; Deichmann et al., 1967; NCI,
1978).  Decreased body weight gain was observed in rats at 69 mg/kg-day (NCI, 1978) or 125
mg/kg-day (Haag et al., 1950) and in mice at 454 mg/kg-day (NCI, 1978).

Unlike many other polycyclic aromatic hydrocarbons, little liver enzyme induction occurs with
chronic exposures to methoxychlor, apparently because of its rapid metabolism.  Multiple daily
doses of methoxychlor can produce significant liver enzyme induction, however, which will further
increase its cytochrome P450-mediated metabolism (Li et al., 1995).  Traditional microsomal
enzyme inducers such as phenobarbital can also induce methoxychlor metabolism (Stresser et al.,
1996).

The most significant effects of repeated doses of methoxychlor are on reproductive tissues.
Chronic effects can occur after subacute exposures to methoxychlor during critical developmental
stages.  Perinatal administration of moderate doses of methoxychlor causes persistent stimulation
of ovarian/uterine development, well into adulthood.  High doses inhibit development, which is
similar to the effects of other estrogens according to Eroschenko et al. (1995).  Alteration of adult
behaviors in male mice by prenatal exposures to methoxychlor and other estrogenic chemicals has
also been reported (vom Saal et al., 1995).  Administration of a few high doses of methoxychlor to
female mice during one pregnancy also appeared to alter the vaginal development of female
offspring in a subsequent pregnancy (Swartz and Corkern, 1992).

Chronic administration of methoxychlor disrupts sex-hormone sensitive systems by direct action of
the metabolites on the end organs as well as affects on the feedback loops (Cummings, 1997).
Uterine weights increase because the uterus responds directly to estrogens (Tullner, 1961), while
testicular weights decrease (Hodge et al., 1950; Bal, 1984), presumably because of indirect
effects of the metabolites on androgenic tissues.  Subchronic or chronic administration of
methoxychlor will thus impair reproduction in both males and females (Harris et al., 1974; Bal,
1984; Cummings and Gray, 1989; Gray et al., 1989).  Chronic administration does not result in
accumulation of methoxychlor or its metabolites, nor in enhanced toxicity compared to subacute
administration during critical developmental periods.

Carcinogenicity

Carcinogenicity studies on methoxychlor are inadequate by present standards (such as U.S. EPA
guidelines and NTP protocols), but show little evidence of effects.  Hodge et al. (1952) reported
no significant increase in tumors in rats at daily oral doses up to 80 mg/kg for two years.
Deichmann et al. (1967) found no increase in tumors in rats at 50 mg/kg-day in feed for two
years.  The NCI (1978) also reported that methoxychlor was not carcinogenic in rats fed up to 69
mg/kg-day and in mice fed up to 454 mg/kg-day for 78 weeks.  However, Reuber evaluated
several chronic studies, including some unpublished FDA data, and concluded that methoxychlor is
carcinogenic.  His judgment was that methoxychlor produced liver tumors in mice, rats, and
possibly dogs, testicular tumors in male mice, bone cancer in female mice, and ovarian tumors in
female rats (Reuber, 1979a,b, 1980).  The U.S. EPA (1987b) reevaluated these data and
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concluded that Reuber’s analyses involved inappropriate use of control data and questionable
histopathological interpretations.  Both the U.S. EPA and the International Agency for Research
on Cancer (IARC) have subsequently judged methoxychlor to be not classifiable as to human
carcinogenicity (U.S. EPA, 1998; IARC, 1987).

Further evidence on potential carcinogenicity of methoxychlor includes some positive mutagenicity
results (Mitchell et al., 1988; Oberley et al., 1993), formation of reactive intermediates which
produce covalently bound protein adducts (Bulger et al., 1983), structure-activity correlations
based on the carcinogenicity of related weakly estrogenic compounds such as DDT and DDE,
and evidence that estrogens are risk factors in testicular tumors (McLachlan, 1998).  Metabolic
cooperation in Chinese hamster cells was inhibited by methoxychlor.  This was similar to the
effects of DDT and its analogues, and is a possible indicator of promoter activity (Kurata et al.,
1982).  However, dermal administration of methoxychlor neither induces nor promotes the
formation of skin tumors (Dwivedi and Tabbert, 1994).

Toxicological Effects in Humans

Acute Toxicity

Two reports of toxic effects in humans acutely exposed to methoxychlor are available, although
both involve single cases, and exposure to pesticide mixtures.  Zeim (1982) reported delayed
adverse effects in a 49-year-old male exposed by inhalation to a mixture of methoxychlor and
captan (a fungicide often used in mixtures with insecticides on fruit trees).  The subject died six
months after the exposure due to aplastic anemia.  Exposure levels are unknown and the
relationship of the effect to the methoxychlor exposure is uncertain.

Harell et al. (1978) reported neurological effects after exposure for 15 to 20 minutes to a pesticide
mixture containing 15% methoxychlor and 7.5% malathion.  The 21-year old male noted blurred
vision and nausea 8-9 hours after exposure, followed by severe abdominal cramps and diarrhea
that required hospital admission 36 hours after exposure, followed by dizziness and complete
deafness 4 days later, accompanied by several sensory and motor neurological impairments such
as limb paresthesia.  These effects persisted for at least six years.  The authors postulated that the
effects could be due to a deficiency of a malathion-metabolizing enzyme.  There are no other
reports of such effects from malathion, methoxychlor, or a mixture of the two, so the relationship
of the effects to methoxychlor exposure is unknown.

Subchronic Toxicity

A single study of subchronic administration of methoxychlor has been conducted in humans.  In
this study, oral doses of 2 mg/kg-day of methoxychlor (the only dose level studied) for seven
days/week for six weeks had no reported adverse effects in either men or women (Stein, 1968;
Coulston and Serrone, 1969).  Blood studies and bone marrow and liver biopsies revealed no
changes attributable to methoxychlor.  Two mg/kg-day was considered to be a NOAEL (ATSDR,
1994).
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Genetic Toxicity

Methoxychlor was found not to increase single-stranded DNA breaks in human (or rat) testicular
cells in vitro, in an analysis of the ability of several chemicals to induce genetic damage (Bjorge et
al., 1996).

Developmental and Reproductive Toxicity

Effects of methoxychlor on estrogen receptors were shown to be similar in experimental animals
and human tissues (Shelby et al., 1996).  In a yeast human estrogen receptor assay, methoxychlor
was active, which was inferred as evidence for the metabolism of methoxychlor to the phenolic
metabolite as well as competence in binding of the metabolite to the human receptor (Odum et al.,
1997; Gaido et al., 1997).  Histopathologic changes were not found in the testes of men
experimentally exposed for 6 weeks to up to 2 mg/kg of methoxychlor, nor were there changes in
menstrual cycles of women after the same dosing regimen (Stein, 1968; Coulston and Serrone,
1969).  By analogy with effects observed in animals and effects caused by other estrogenic
chemicals such as diethylstilbestrol, it is likely that effects would be observed at lower doses if
humans were treated during a more sensitive period, such as during the development and
maturation of reproductive organs (see Chapin et al., 1997).

Immunotoxicity

No information is available on immunological effects of methoxychlor in humans.

Neurotoxicity

The acute excitatory effect of methoxychlor associated with DDT-like stimulation at sodium
channels should be applicable to humans.  However, no reports of human exposures to high doses
where this effect would be expected are available.  The only report concerning potential
neurotoxic effects of methoxychlor is the report of Harrell et al. (1978) mentioned above, in which
persistent deafness and severe neurological changes occurred in an adult male beginning several
days after a single exposure to a mixture of methoxychlor and malathion.  The relationship of
methoxychlor to these effects is not known.

Chronic Toxicity/Carcinogenicity

An epidemiological study of men in Minnesota and Iowa suggested an association between
leukemia and farming (Brown et al., 1990).  In this study, there were positive correlations with
odds ratios (ORs) of 2.0 or more for exposure to several agricultural pesticides including three
organophosphates (adjusted OR 2.0 to 11.1), pyrethrins (OR 3.7), and methoxychlor (OR 2.2).
For methoxychlor, this represented 11 cases of leukemia among 578 farmers with occupational
exposure to methoxychlor versus 16 cases out of 1,245 controls with no known exposure.  The
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statistically significant OR of 2.2 for methoxychlor incorporated adjustments for vital status, age,
state, tobacco use, family history of lymphopoietic cancer, high risk occupations and high risk
exposures.  However, firm conclusions as to a relationship between methoxychlor and leukemia
are not possible on the basis of this single study with multiple exposures and risk factors.

No studies are available pertinent to other possible effects of chronic methoxychlor exposure,
including the presumed critical effect, endocrine system changes.  The widely discussed potential
effects of environmental estrogens on reproductive function (Toppari et al., 1996; U.S. EPA,
1997; Safe et al., 1998; Cheek et al., 1998) cannot be specifically associated with methoxychlor
because of its short biological half-life and low or undetectable concentrations in the environment.

DOSE-RESPONSE ASSESSMENT

The lowest-dose effects were observed in experimental animals on the reproductive system when
treatments were administered during the perinatal period.  Chapin et al. (1997) observed several
developmental and reproductive system effects in female rats exposed to methoxychlor through
their mothers plus direct gavage treatments beginning at postnatal day 7.  LOAELs for delayed
vaginal opening and decreased ovary weight at postnatal day 46 were 5 mg/kg, the lowest dose
tested.  Decreased weight of the empty uterus at day 18 of pregnancy and lowered FSH levels
during estrus were also observed in adult female rats after perinatal treatments with methoxychlor
at doses as low as 5 mg/kg in the Chapin et al. (1997) study.  The dose-response for these critical
effects was shown above in Table 2 and Figures 3 to 5.

Other developmental toxicity studies have shown adverse effects during critical developmental
stages at the 25 to 35 mg/kg-day range, with NOAELs at 5 to 10 mg/kg-day (rat, du Pont, 1976;
rabbits, Kincaid Enterprises, 1986; rats, Gray et al., 1989).  Several reproductive or developmental
effects of methoxychlor have also been observed in experimental animals at the 50 to 100 mg/kg-
day dose range in subchronic studies.  More significant or more severe effects are demonstrated
at the higher exposure levels.

In chronic studies LOAELs of 69 mg/kg-day (rats, NCI, 1978) or more (rats, Haag et al., 1950;
mice, NCI, 1978) have been reported, with decreased body weight gain being the critical effect.
Chronic NOELs or NOAELs are in the 5 to 10 mg/kg-day range (du Pont, 1951, 1966; Hodge et
al., 1952).

In the 1951 du Pont study, methoxychlor was chronically administered to rats in their diet.  A
systemic NOEL of 100 ppm (5 mg/kg-day) is reported for this study in U.S. EPA 1998, although
the critical effect is not mentioned (EPA’s review of this unpublished study was requested under
FOI, but has not yet been received).  The 1996 du Pont report was on a 3-year rat reproduction
study (review also not yet received from U.S. EPA).  Summaries of this study in U.S. EPA 1998
are similar to those on the Haskell Laboratories 1966 report in ATSDR 1994, and probably both
refer to the same study.  In the du Pont study, dietary concentrations of 0, 200, or 1000 ppm (0,
10, or 50 mg/kg-day) methoxychlor were administered to ChR-CD rats.  Fertility was reduced at
50 mg/kg, accompanied by reduced litter size and reduced fetal viability index.  The 10 mg/kg-day
dose appeared to slightly reduce food consumption, but was considered to be a NOEL by U.S.
EPA (U.S. EPA, 1998).  The 1976 du Pont report was on a rat teratology study in which dietary
levels of 0, 200, 500, or 1250 ppm (0, 10, 25, or 62.5 mg/kg-day) of methoxychlor were
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administered to ChR-CD rats on gestation days 6 through 15.  Reduced maternal body weight gain
and food consumption, increased post-implantation loss, and a decreased number of live fetuses
were observed at the two higher doses.  The 10 mg/kg-day dose appears to be a NOAEL, as was
also concluded by U.S. EPA (1998).  Hodge et al. (1952) conducted a chronic oral toxicity study
of methoxychlor in rats.  Groups of 25 male and female rats were fed 0, 25, 200, or 1600 ppm
(1.25, 10, or 80 mg/kg-day) of methoxychlor for 2 years.  Growth retardation occurred in both
sexes at 80 mg/kg-day.  There were a “large number of tumors” in the 80 mg/kg-day females, but
no indication of a significant increase in any specific type (Hodge et al., 1952).  The 10 mg/kg-day
dose appears to be a NOEL in this study (U.S. EPA, 1998).

U.S. EPA developed its RfD for methoxychlor based upon disruption of reproduction (excessive
loss of litters) in a rabbit teratology study.  This study had a LOAEL of 35.5 mg/kg-day and a
NOAEL of 5.01 mg/kg-day (Kincaid Enterprises, 1986) as reviewed in U.S. EPA 1987c and in
the IRIS data base (RfD last updated 8/01/91, U.S. EPA, 1998).  EPA applied an uncertainty
factor of 1000 to this value, which included factors of 10 for inter- and intra-species differences
and an additional factor of 10 “to account for the poor quality of the critical study and for the
incompleteness of the data base on chronic toxicity.”  This resulted in an RfD of 0.005 mg/kg-day
with a confidence assessment of “Low.”  OEHHA concurs with this assessment of the study.

ATSDR (1994) estimated an acute oral minimal risk level (MRL) of methoxychlor of 0.02 mg/kg-
day based on the LOAEL of 25 mg/kg-day (lowest dose tested) for accelerated onset of puberty
in immature female rats (Gray et al., 1989).  ATSDR based an intermediate-duration oral MRL of
0.02 mg/kg-day on the LOAEL of 25 mg/kg-day for elevated levels of prolactin in the pituitary of
male rats from the same study (Gray et al., 1989).  ATSDR derived no chronic MRL because no
sensitive indicators of reproductive function were evaluated in the available chronic studies, and
the LOAELs observed in chronic studies were higher than the LOAELs for shorter-duration
studies.  For estimation of the MRL, they divided the above values by an uncertainty factor of
1000.  This was comprised of factors of 10 each for extrapolation to humans from an animal
study, variation in sensitivity among humans, and extrapolation from a LOAEL to a NOAEL.  The
resulting value was rounded from 0.025 to 0.02 mg/kg-day.  OEHHA agrees with 25 mg/kg-day
as a LOAEL in this study based upon the effects in both male and female rats.  However, we
believe that the study of Chapin et al. (1997) is more appropriate on which to base the risk
assessment because of the lower-dose effect, probably related to the earlier onset of dosing in the
Chapin et al. study.

The single subchronic human study (Stein, 1968; Coulston and Serrone, 1969) showed no adverse
effects, with an apparent NOAEL of two mg/kg-day (the only dose tested), but did not include
treatment during potential sensitive developmental periods (as identified in animal tests).  If the
safe level were estimated from this study, the known developmental sensitivity to endocrine
effects must be accounted for, as well as other sources of human variability (genetic differences,
illnesses, dietary effects, etc.).  A factor of 10 for each of the two major sources of uncertainty
might be appropriate, which would result in an estimated safe dose of about 0.02 mg/kg-day.
However, a study in which no adverse effects were found provides a weaker basis for
extrapolation than the animal studies, which clearly demonstrate the dose-response for adverse
effects on reproductive endpoints and a greater sensitivity during the critical period for
development of reproductive organs.  Thus this human study is not used as the basis for the PHG.
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The Chapin et al. (1997) study utilizing perinatal exposures in rats demonstrates the lowest
observed toxic effect level, with an experimental animal LOAEL of 5 mg/kg-day.  These data are
basically consistent with other studies showing LOAELs of about 25 mg/kg-day following later
postnatal treatments, which appears to avoid the most sensitive period (Chapin et al., 1997).
Estimation of a safe level for human exposure from these studies under current risk assessment
guidelines considers cross-species extrapolation; variability among humans, including potential
sensitive subpopulations; and potential extra factors for uncertainty in the database.  Severity-of-
endpoint and other relevant factors such as exposure to and interactions with other similarly acting
chemicals are also considered.  Using the lowest LOAEL of 5 mg/kg-day, we applied an
uncertainty factor of 10 for cross-species extrapolation, 10 for human variability, and 10 for
extrapolation from a LOAEL to a NOAEL, for a combined uncertainty factor of 1000.  This
combined uncertainty factor should be large enough to account for any sensitive human
populations and potential interactions with other estrogenic chemicals.  The estimated safe dose is
therefore 0.005 mg/kg-day.

The PHG is derived from the LOAEL of 5 mg/kg-day for developmental effects on reproductive
system parameters in an animal study, supported by several other animal toxicity studies with
similar endpoints.

CALCULATION OF PHG

Calculation of concentrations of chemical contaminants in drinking water associated with
negligible risks must take into account the toxicity of the chemical and the potential exposure of
individuals using the water.  Tap water is used directly as drinking water and for preparing foods
and beverages.  It is also used for bathing or showering, flushing toilets, washing dishes and
clothes, and other household uses that may result in dermal and inhalation exposures to chemical
contaminants.  However, because methoxychlor is non-volatile, secondary inhalation exposures
are expected to be negligible.

Other sources of exposure to methoxychlor include food and possible occupational or household
uses.  Although methoxychlor is no longer registered as a pesticide in California, it is still used in
other states.  It has recently been detected more often in food samples than in drinking water
supplies.  We consider food to represent the largest likely exposure medium.  A default relative
source contribution of 20% for drinking water is therefore used in the determination of the PHG.

Calculation of a public health-protective concentration (C, in mg/L) for methoxychlor in drinking
water for noncarcinogenic endpoints follows the general equation:

C = NOAEL/LOAEL x BW x RSC

          UF x L/day

where,

NOAEL/LOAEL = No-observed-adverse-effect-level or lowest-observed-adverse-effect-
level
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BW = Adult body weight (a default of 70 kg for male or 60 kg for female;
female weight used in this case because effects are found in females)

RSC = Relative source contribution (a default of 20% to 80%)

UF = Uncertainty factors (often factors of 10 defaults to account for various
sources of uncertainty)

L/day = Adult daily water consumption rate (default of 2 L/day)

In this case,

C = 5 mg/kg-day  x  60 kg  x  0.2     =   0.03 mg/L   =   30 ppb

      1000  x  2 L/day

A PHG of 0.03 mg/L (30 ppb) is therefore derived for methoxychlor in drinking water based on
the LOAEL of 5 mg/kg-day for developmental effects on the female rat reproductive system
(delayed vaginal opening, decreased ovary weight, and decreased weight of the pregnant uterus),
which provided an estimated safe dose for human females of 0.005 mg/kg-day.

RISK CHARACTERIZATION

Exposure to multiple estrogenic chemicals in our environment has been a matter of much recent
discussion and concern (Shelby et al., 1996; Toppari et al., 1996; U.S. EPA, 1997; DeRosa et al.,
1998; Safe, 1998; Cheek et al., 1998).  Methoxychlor has often been mentioned in publications on
the subject, although there does not seem to be evidence of environmental persistence or
bioaccumulation of this chemical (ATSDR, 1994).  Recent studies make clear that methoxychlor,
mainly through its demethylated metabolites, can interact with human estrogenic receptors
(Cummins, 1997; Danzo, 1997, Gaido et al., 1997).  Thus it has the potential to become a problem,
although its short environmental and in vivo half-life will minimize both exposure and effects,
compared to other structurally similar halogenated hydrocarbons.

The primary source of uncertainty in developing the PHG for methoxychlor in drinking water is
the question of human sensitivity to the potential endocrine-disruptive effects.  Because the
endocrine systems are feedback-regulated, exposures to small amounts of estrogenic chemicals
may simply be accommodated by normal homeostatic mechanisms (U.S. EPA, 1997).  Studies are
inadequate to fully characterize sensitive developmental periods and corresponding effective
estrogenic doses and concentrations in humans.  Therefore it is not clear what dose-equivalent of
an estrogenic chemical would be physiologically significant, particularly in the presence of other
environmental estrogens (in food or water) (U.S. EPA, 1997; Safe, 1998; Cheek et al., 1998).
However, the animal studies appear adequate to document the effects, mechanism of action, and
potency of methoxychlor in animals, including the potential for sensitive developmental periods.
This is taken into account in the choice of the critical study (Chapin et al., 1997) and application of
uncertainty factors.  Effects are likely to be additive or competitive among different chemicals
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with estrogenic activity.  Some reported synergistic interactions among environmental estrogens
(Arnold et al., 1996) have not been substantiated by other work (Ramamoorthy et al., 1997;
McLachlan, 1997).  Interactions of other types of environmental chemicals have also not been
remarkable (Heindel et al., 1994; Ito et al., 1995).

While methoxychlor residues are found in foods, an appropriate relative source contribution (RSC)
to account for the potential multiple exposure routes is uncertain.  We have used the default 0.2 in
lieu of specific guidelines on how to calculate RSC for these conditions.  OEHHA believes that
the PHG level of 0.03 mg/L (30 ppb) is adequate and appropriate to protect humans against
adverse effects of methoxychlor in drinking water.

OTHER REGULATORY STANDARDS

U.S. EPA’s MCL and MCLG for methoxychlor are both 0.04 mg/L, as currently listed in IRIS
(U.S. EPA, 1998) and originally finalized in 1991 (56 FR 3526, 01/30/91).  The U.S. EPA’s RfD is
0.005 mg/kg-day.  The California MCL is also 0.04 mg/L.  Methoxychlor is not listed as a
developmental or reproductive toxicant under California’s Proposition 65.  The ambient water
quality criterion for human health is 0.1 mg/L (U.S. EPA, 1976).  The ambient water quality
criterion for aquatic organisms is 3 x 10-5 mg/L (U.S. EPA, 1976, 1998).  ATSDR’s acute and
subchronic oral maximum residue levels are 0.02 mg/kg-day (ATSDR, 1994).
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